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Abstract: Background: Retrograde peri-implantitis (RPI) is a pathological entity with an unclear
etiology (e.g., overheating during implant insertion, residual infection of the tooth replaced by the
implant or the endodontic lesion of neighboring teeth) and an extremely low prevalence and has been
scarcely investigated. Therefore, the aim of this cross-sectional survey was to evaluate the knowledge
and attitude of Italian implantologists regarding RPI. Methods: An anonymous questionnaire
was sent via email to implantologists randomly selected, including a section about demographic
information and questions related to RPI origin, radiographic representation, symptoms and treatment
options. All questions were multiple answer and close-ended. Binomial logistic regression was
performed to investigate the relationship between correct answers and the following independent
variables: age, years of experience and number of dental implants placed per year. Results: In total,
475 implantologists completed the questionnaire, with a response rate of 46.3%. Based on the results
of the study, incorrect answers were associated with less experienced participants (<80 implants/year)
for all questions evaluated, with the exception of treatment strategies. Furthermore, 26.7% of the survey
takers did not recognize radiographic representation of RPI and 35.5% picked “implant removal”
when asked about treatment modality. Conclusions: The majority of participants were able to
recognize symptoms and indicated the probable causes of RPL; however, around 30% of them showed
very limited knowledge of available management strategies.

Keywords: retrograde peri-implantitis; peri-implantitis; apical peri-implantitis; survey; implant
periapical lesion

1. Introduction

During the last decades, the replacement of missing teeth with dental implants has become
a successful and predictable option for clinicians [1-4]. However, peri-implantitis, characterized
by bleeding and/or suppuration on gentle probing and progressive loss of supportive bone around
dental implants, represents a well-known cause of implant failure [5-8]. There is another pathological
entity, described as retrograde peri-implantitis (RPI) [9-11], which represents a less-known disease [12].
This lesion appears radiographically as a radiolucent area around the apical part of the implant. While in
peri-implantitis, lesion bone resorption follows a corono-apical trend, on the contrary, RPI presents
an apico-coronal pattern, with or without clinical signs of inflammation [13]. The diagnosis of RPI is
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based on clinical and radiological findings and commonly occurs within the first 8 weeks after implant
placement [14-16].

This implant disease was first described by McAllister et al. [17] in 1992 and seems to have an
incidence ranging from 0.26% to 1.86% [18-21], significantly lower than marginal peri-implantitis.
Although the etiology of this lesion is still unclear [22], according to several authors, the causes more
accredited could be the residual infection/inflammation of the tooth replaced by the implant or the
endodontic lesion of neighboring teeth [13,23,24]. Among other factors hypothesized, there are bone
overheating or implant insertion in a site with residual granulomatous/cystic lesions [22].

Over the years, the administration of simple questionnaires has proven to be an effective and
economic way to investigate the perception and habits of clinicians on specific matters [25-27].
Since there were just a few case reports published on RPI by Italian researchers [28-31], investigating its
knowledge in an Italian sample of implantologists could be interesting. Furthermore, since this
condition is extremely rare [18-21] and the majority of current available literature has been produced
in specialized university settings by experienced research groups, it would be interesting to further
explore the effect of age, years of experience and number of dental implants placed on the topic.

Therefore, the aim of this cross-sectional survey was to evaluate the knowledge and attitude of
Italian implantologists regarding retrograde peri-implantitis. The secondary aim was to explore the
association between age, years of experience in dentistry and number of dental implants placed per
year on the implantologists” knowledge of retrograde peri-implantitis.

2. Materials and Methods

2.1. Study Design

To address the research purpose, the authors developed and implemented a cross-sectional online
survey, conducted at the Department of Oral and Maxillo-Facial Sciences, at “Sapienza” University
of Rome from January to March 2020. The study was reported in accordance with the STROBE
statement. All questionnaires were anonymous, and no personal data of participants were collected;
therefore, ethical approval was not required based on the recommendations of our Institution Review
Board (“Sapienza” University of Rome).

2.2. Study Population

An anonymous questionnaire was sent via email to implantologists randomly selected from the
official register of oral surgery and implantology Italian scientific societies. Only dentists placing dental
implants on a regular basis were enrolled in this survey. To limit the survey to implantologists, the first
question was: “Do you perform implant dentistry on a regular basis?”; in case of negative answer,
the respondent was excluded from the study. The questionnaire was sent to a randomly selected
sample of 1026 implantologists, extrapolated using a randomization program from the complete email
list of the scientific societies” members.

2.3. Survey

The invitation emails contained an individual link to a web-based questionnaire, which could
only be answered once. Reminder emails were sent once/week for the entire length of the study
period in order to increase participation. No monetary incentive was given to participants. Since the
questionnaire was anonymous, no personal data of participants were collected. The questionnaire
included a section about demographic information, while the main body of the survey included
questions related to RPI origin, radiographic representation, symptoms and treatment options.

In addition, the first question of the survey focused on the source of information: “Where did you
learn about RPI?”, while the last was “Have you have ever treated an RPI case?”.

All questions were multiple answer and close-ended but had a different evaluation system; in three
cases (questions #2, #4 and #5), more than one answer was allowed (Supplementary 1).
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2.4. Statistical Analysis

Data were evaluated using standard statistical analysis software (version 20.0, Statistical Package
for the Social Sciences, IBM Corporation, Armonk, NY, USA). A database was created using Excel
(Microsoft, Redmond, WA, USA). Descriptive statistics were presented as numbers and percentages for
each variable.

All variables included were categorical and were compared using the chi-squared or Fisher’s test,
as appropriate. Four dichotomous dependent variables were analyzed, evaluating correct answers for
etiology, symptoms, radiographic representation and treatment strategies of retrograde peri-implantitis.

Multivariable analysis adjusted for sex was performed to investigate the relationship between
the dependent variables and the following independent variables: age (<30; 31-44; >45), years of
experience in dentistry (<5-9; 10-19; >19) and number of dental implants placed per year (<20; 20-80;
>80). Results of multivariable analysis were presented as Odds Ratios (OR) with 95% confidence
intervals. In each test, the cut-off for statistical significance was p < 0.05.

3. Results

Out of the 1026 emails sent, 475 implantologists completed the questionnaire, with a response rate
of 46.3%. The sample was composed, by a vast majority, of men (88.9%), with more than 45 years of
age (55.8%), while 44.7% of the survey takers had >19 years of experience in implant dentistry and
49.1% placed from 20 to 80 implants per year.

The accurate distribution of sample according to age, gender, years of working experience in
implant dentistr, and number of implants placed per year is summarized in Figure 1.
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Figure 1. The distribution of the sample according to age, gender, years of experience in implant
dentistry and number of implant placed in one year.

3.1. Knowledge of Retrograde Peri-Implantitis Etiology

A total of 394 participants (82.9%) included correct answers about the etiology of retrograde
peri-implantitis. Only the choice “marginal peri-implantitis becoming retrograde” was considered
incorrect. A statistically significant difference in the number of correct answers was found out between
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the three groups for age (p < 0.001), years of experience in implant dentistry (p = 0.002) and number of
implants placed per year (p = 0.002).

Implantologists belonging to the 31-44 years age group were more likely to (odds ratio: 13.16;
95% CI: 1.91-90.89) choose a correct response to the question on RPI etiology than those belonging to
<30 group, while the group of implantologists placing < 20 implants/year were more likely to select the
wrong answers (odds ratio: 0.316; 95% CI: 0.14-0.67) (Table 1).

Table 1. Multivariable analysis considering the correct answers on the origin of retrograde
peri-implantitis as the outcome variable.

[v) .
Correct Odds 95% CI for Odds Ratio

Answers (%) Ratio Lower P
Upper
<30 8422 0.007
Age (years) 31-44 98.2b 13.159 1.905 90.887 0.009
>45 77.74 1.289 0.236 7.049 0.770
Years of experience in <59 89.1° 0.593
implant dentistr 10-19 90.62 0.664 0.126 3.490 0.629
P Y >19 77.3° 0.489 0.098 2450 0385
. >80 90.64 0.011
Numb f lant:
Umber ot impIants 5 g 77.9b 0.495 0.176 1394 0183
placed in one year
<20 89.34 0.316 0.147 0.678 0.003

Each superscript letter (a,b) denotes a subset of categories whose column proportions do not differ significantly
from each other at the 0.05 level.

3.2. Knowledge of Correct Answer on Radiographic Representation of Retrograde Peri-Implantitis

A total of 348 implantologists (73.3%) were capable of recognizing the correct radiographic
representation of RPI (“a radiolucent area at the apical aspect of the implant”). A statistically significant
difference in the number of correct answers was found between the three groups for years of experience
in implant dentistry (p = 0.006) and number of implants placed/year (p = 0.005).

Implantologists belonging to the 10-19 years of experience group were more likely to (Odds ratio:
3.51; 95% CI: 1.14-10.77) choose a correct response to the question on RPI radiographic imaging
than those belonging to the <5-9 years of experience group, while the group of implantologists
placing < 20 implants/year (odds ratio: 0.416; 95% CI: 0.22-0.76) and between 20 and 80 implants/year
(odds ratio: 0.530; 95% CI: 0.24-1.15) were more likely to select the wrong answers (Table 2).

Table 2. Multivariable analysis considering the correct answer on radiographic imaging for
retrograde peri-implantitis.

[v) .
Correct Odds 95% CI for Odds Ratio

Answers (%) Ratio Lower P
Upper

<30 81.62 0.407

Age (years) 31-44 7824 2.058 0.711 5.959 0.183

>45 7024 1.801 0.522 6.213 0.352

Years of experience in <59 844 = 0.031

. . 10-19 67.9P 3.515 1.147 10.771 0.028
implant dentistry b

>19 71.1 0.945 0.466 1.918 0.876

. >80 83.02 0.018

Number of implants "o 67.3b 0.530 0.242 1158 0111
placed in one year b

<20 78.6 & 0.416 0.227 0.763 0.005

Each superscript letter (a,b) denotes a subset of categories whose column proportions do not differ significantly
from each other at the 0.05 level.
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3.3. Knowledge of Correct Answer on Symptoms of Retrograde Peri-Implantitis

A total of 388 implantologists (81.6%) recognized symptoms of RPI. The only incorrect choice was
“implant mobility”. A statistically significant difference in the number of correct answers was found
between the three groups just for number of implants placed per year (p = 0.035).

Implantologists belonging to the 31-44 years age group were more likely to (odds ratio: 2.19;
95% CI: 0.78-6.14) choose a correct response to the question on RPI symptoms than those belonging to
the <30 group, while the group of implantologists placing 20-80 implants/year were more likely to
select the wrong answers (odds ratio: 0.489; 95% CI: 0.22-1.04) (Table 3).

Table 3. Multivariable analysis considering the correct answers on the symptoms of
retrograde peri-implantitis.

Correct Odds 95% CI for Odds Ratio

Answers (%) Ratio Lower p
Upper

<30 81.62 0.082
Age (years) 31-44 8732 2.199 0.788 6141 0132
>45 81.02 0.922 0.280 3042 0.89%
Years of experience in <5-9 82.8° 0.307
SNSERS 10-19 79.22 0.929 0.350 2464  0.882
P y >19 8452 1.700 0.562 5149 0348
. <20 8574 0.102
N‘f:gzgriﬁfgrﬁplggf 20-80 77.92 0.489 0.229 1.044  0.065
p y >80 8872 0.810 0.314 2092 0.664

Each superscript letter (a,b) denotes a subset of categories whose column proportions do not differ significantly
from each other at the 0.05 level.

3.4. Knowledge of Correct Answer on Treatment of Retrograde Peri-Implantitis

A total of 306 implantologists (64.5%) excluded the incorrect choice “implant removal” from their
answers. A statistically significant difference in the number of correct answers was found between the
three groups based on the number of implants placed per year (p = 0.001).

Implantologists placing > 80 implants/year were more likely to (odds ratio: 2.55, 95% CI: 1.24-5.21)
choose a correct response to the question on RPI treatment, while the group of implantologists
belonging to the >45 years age group were more likely to select the wrong answers (odds ratio: 0.418,
95% CI: 0.15-1.11) (Table 4).

Table 4. Multivariable analysis considering the correct answers on the treatment of
retrograde peri-implantitis.

95% CI for Odds Ratio

Correct Odds Lower
Answers (%) Ratio p

Upper
<30 68.42 0.217
Age (years) 31-44 69.12 0.635 0.297 1.357 0.241
>45 63.34 0.418 0.157 1.111 0.080
Years of experience in <5-9 63.1° 0.128
implant dentistr 10-19 7122 2.137 1.024 4.460 0.043
p y >19 64.62 1.718 0.716 4.123 0.226
. <20 64.32 0.001

f 1

N‘g:‘:griﬁ OI;I;P :Zrts 20-80 5872 0.850 0.485 1489 0570
P Y >80 80.8P 2.551 1.247 5.216 0.010

Each superscript letter (a,b) denotes a subset of categories whose column proportions do not differ significantly
from each other at the 0.05 level.
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4. Discussion

The aim of the study was to evaluate the knowledge and attitude of Italian implantologists
regarding retrograde peri-implantitis. To the best of the authors” knowledge, this was the first study to
report data on the perception and knowledge of clinicians on RPI.

Interestingly, even if all clinicians enrolled in this survey practiced implant dentistry, 26.7% of
them ignored the radiographic representation of RPI (“a radiolucent area at the apical aspect of the
implant”), selecting the wrong answers “a radio-opaque area at the apical aspect of the implant” and
“a radiolucent line at the lateral side of the implant”.

Retrograde peri-implantitis could lead to implant failure if the periapical lesion extends to
the marginal bone of the implant. Therefore, the ability of clinicians to recognize RPI as an apical
radiolucent lesion surrounding the implant periapex is extremely important.

Regarding the origins of RPI, only 17.1% of participants included in their answers
“marginal peri-implantitis becoming retrograde”, which is obviously incorrect. RPI is a disease
entity affecting only the apical part of the implant and can destroy the circumferential bone [23]. As the
exact etiology of RPI remains still controversial, all other answers (bone overheating during implant
placement, presence of residual cystic cells, residual infection/inflammation of the tooth replaced by
the implant or the endodontic lesion of neighboring teeth) were considered right.

RPI was defined by Quirynen et al. [20] as a clinically symptomatic periapical lesion, distinguished
from the asymptomatic form, caused by over-drilling while preparing the implant osteotomy. In this
clinical scenario, periapical implant lesions have the same radiographic aspect, but treatment is not
necessary unless the size increases [22,32]. According to the results of the survey, 81.6% of clinicians are
able to recognize RPI symptoms, without statistical differences between groups (p > 0.05). The answers
included dull percussion, persistent pain, suppuration or fistula presence and no symptoms. The only
answer considered wrong was “implant mobility”, because if present, an implant should always be
considered as a failing implant to remove [33,34].

All treatment options of retrograde peri-implantitis should aim to prevent implant failure, leading
to a re-osseointegration of the periapical implant area. There is no clear consensus on the ideal
treatment option; however, authors [15,16] reported a 75-90% success rate in treatment of RP], so the
prognosis seems to be relatively favorable.

Therapeutic modalities can range from just prescribing an antibiotic therapy to the patient
to surgical debridement of the apical part of the implant with/without the application of a bone
substitute/guided bone regeneration (GBR) procedure and the possible resection of the apical part of
the dental implant [35].

Of the respondents, 64.5% selected the following options: surgical debridement, surgical
debridement + bone substitute/GBR and surgical debridement + bone substitute/GBR + apicoectomy
of the implant, while implant removal was considered the wrong answer and was chosen by 35.5% of
clinicians. Surgical debridement + bone substitute/GBR was the most selected option (24.4%).

Only 23.6% of the sample answered “yes” to the question “Have you have ever treated a RPI
case?”; interestingly, 76.5% of them were > 45 years.

It is notable that for the question “Where did you learn about RPI?”, more than a quarter of
the sample enrolled (26%) answered that they had never heard of RPI; 48.2% had > 45 years while
35.7% had more than 19 years of working experience; only 21.4% were <30 years. Only 9.8% answered
“at the university”, and the majority of them were <30 years. The vast majority of participants (89.7%)
who answered “for direct experience” were >45 years, with 72.4% of them with more than 19 years of
working experience.

Based on the results of the study, incorrect answers were associated with less experienced
participants (<80 implants/year) for all questions evaluated, with the exception of treatment strategies.
Therefore, age and experience were associated with a higher number of correct answers and this could
be explained by either their direct involvement in the diagnosis or treatment of RPI and their better
knowledge of implant dentistry. Hence, more experienced and older implantologists have placed a
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greater number of dental implants throughout their career, compared to less experienced and younger
clinicians, and faced, therefore, more complications. In contrast, as for the question on RPI treatment,
survey takers > 45 years of age showed the worst results and this could probably be explained by their
lower propensity for continuing education and scientific literature updates.

Major strengths of this survey are the great number of participants who completed the questionnaire
and the use of multivariable regression to evaluate the statistical association between the selected
variables. The response rate of 46.3% was considered adequate for a web questionnaire in order to
represent the target population (Italian oral implantologists). The survey was anonymous to encourage
answering the questions as truthfully as possible and to avoid the consequent risk of bias. Nevertheless,
the authenticity of the answers collected was difficult to control, and another limitation was constituted
by the same online nature of the survey, since it is uncertain whether participants” answers matched
their real behavior in clinical practice. Furthermore, since an interviewer was not present, there is no
way to exclude the contemporary presence of multiple subjects at one computer or that respondents
did not look for answers online.

5. Conclusions

Retrograde peri-implantitis is a pathological entity with an extremely low prevalence and has
been scarcely investigated. Based on the results of our survey among implantologists, even if 26%
of participants answered that they had never heard of RPI and only 23.6% of them have treated
an RPI case, the vast majority of the sample was able to recognize symptoms and indicated the
probable causes of RPI. On the other hand, surprisingly, 26.7% of the survey takers did not recognize
radiographic representation of RPI, while 35.5% of participants picked “implant removal” when asked
about treatment modality, showing a very limited knowledge of available management strategies and
high survival rate after RPI surgical treatment. Within the limitations of this online survey, we can
conclude that a better understanding of RPI is needed to promptly recognize periapical implant lesions
and avoid implant removal, adopting an appropriate treatment.

Future research should be orientated in conducting international surveys to improve knowledge
of retrograde peri-implantitis among clinicians.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/22/8356/s1.
Supplementary 1: Knowledge and attitude towards retrograde peri-implantitis among italian implantologists.
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